Abstract. Localized surface plasmon resonance (LSPR) peak wavelength of nanostructures metallic materials, such as gold and silver, is very sensitive to the dielectric environment of the materials; hence widely used as sensors to detect various types of chemicals. In this study, high -yield gold nanoplates ca. 63% have been grown on the quartz substrate using the seed -mediated growth method. The grown gold nanoplates exhibit variety of shapes such as triangular, hexagonal, truncated hexagonal and flat rod. The LSPR spectrum of Au nanoplates sample has two absorption bands; centring at 543 nm and 710 nm, which are associated with transverse SPR (t-SPR) and longitudinal SPR (l-SPR) respectively. The intensities and peaks position of these two bands were found to linearly change with the concentration of boric acid solutions.
Introduction
Surface plasmon is oscillations of free electron system of the metal surfaces with the electric field of light. The plasmonic is very sensitive to the dielectric surrounding medium [1] , thus potential for sensing applications. The surface plasmon characteristics will be more unique when it is confined in nanoscale regime such as metallic nanoparticles, promising enhanced sensitivity to the change of surrounding medium due to strong dependency of plasmon on shape [2, 3] , further improve the performance and applications. Gold nanostructures have attracted researchers because of their unique surface plasmon resonance (SPR) properties and its potential applications in SERS, photoelectronic devices and biomedical applications [4] . As plasmon shape influence the SPR, synthesis of metallic nanostructures chemical method is actively demonstrated. Typical technique for synthesis nanogold is wet chemical method [3] . The gold (Au) nanoplates have been grown on the surface and SPR sensing properties was studied with the presence of boric acid. Boric acid is a non -permitted preservatives used in various food processing such as noodles, seafood and meat products especially by small scale producers. Thus, this sensor system can detect boric acid as low as 0.01 mM and this technique can be alternative method for in food quality control.
Experiments
Materials and Chemicals. The chemicals used for this synthesis were hydrogen tetrachloroaurate (HAuCl 4 .3H 2 O), trisodium citrate (C 6 H 5 Na 3 O 7 ), sodium tetraborohydride (NaBH 4 ), ascorbic acid, cethyltrimethyl ammonium boromide (CTAB) and poly (vinyl pyrrolidone) (PVP). These chemicals were purchased from Sigma-Aldrich except for trisodium citrate, sodium tetraborohydride and ascorbic acid which were obtained from Wako Pure Chemical Ltd. All these chemicals were used as received. The solutions of these chemicals were prepared using deionized (DI) water with resistivity around 18.2 MΩcm.
Growth of Gold Nanoplates. The gold nanoplates were grown on substrate using seed mediated growth method as previously reported [5] with some modifications. Two types of solutions namely seed and growth solution were prepared to growth gold nanoplates. The seed solution was prepared by mixing 0.5 ml of 0.01 M HAuCl 4 with 2 ml of 0.01 M trisodium citrate and 18 ml DI water. After that, 0.5 ml of 0.1 M cold aqua NaBH 4 was added into the solution which turns the color into brown. The substrate was immersed into seed solution for 2 hours at room temperature. The substrate will then anneal at 150 ºC for 1 hour using vacuum oven to strengthen the gold nanoseeds on the surface. After this treatment, the substrate was immersed for 4 hours into growth solution. The growth solution was prepared by mixing 0.5 ml of 0.01 M HAuCl 4 , 10 ml of 1 mM PVP, 8 ml of 0.1M CTAB and 2 ml DI water with addition of 0.1 ml of 0.1 M ascorbic acid. Finally, the substrate was annealed at 100 ºC for 1 hour to remove the surfactant. The final substrate color was violet color indicates the generation of Au nanoplates on the surface.
Setup of Optical Sensor System. The grown gold nanoplates on the substrate were used as sensing material to detect boric acid solution. The system was setup with a sensor chamber, a light source, duplex fiber optical probe system, a spectrometer and a computer with OOIBase32 software as spectrum analyzer tool. The system is shown in Fig. 1 . The Au nanoplates sample was placed on the drawer inside the sensor chamber. The light source beam was transmitted by one of the fiber arm toward Au nanoplates sample, and the reflected light was transmitted by the other fiber arm to the spectrometer. The optical responses of the Au nanoplates sample were recorded as the absorption spectra of light when immersed into deionized (DI) water and boric acid solution. Boric acid solution was purchased from R&M Chemicals and dissolving with DI water using ultrasonic treatment. 
Results and Discussions
The gold (Au) nanoplates formation on the quartz substrate was confirmed by X -ray diffraction (XRD) and FESEM analysis. The XRD result is shown in Fig. 2 (A) and has been compared to the JCPDS-004-0784 file for gold. The morphology of Au nanoplates was characterized using FESEM. The results are shown in Fig. 2 (B -E). As figure shows variable shapes of Au nanoplates were grown on the substrate surface, such as flat rod, truncated hexagonal, asymmetric hexagonal, symmetric hexagonal and triangular. However, the hexagonal shape is the majority of the product. Instead of that, spherical Au nanoparticles and irregular Au shapes were also observed. From the image, it can be seen the presence of two groups of Au nanoplates sizes. First, the Au nanoplates The spectra of Au nanoplates in three different media; air (bare gold), deionized (DI) water (gold + H 2 O) and 10 mM boric acid (gold +H 3 BO 3 ) were recorded as shown in Fig. 3 . For all cases, two absorption bands associated with transverse SPR (t-SPR) and longitudinal SPR (l-SPR) are appear at the spectrum. In air medium, the t-SPR peak was located around 545 nm while the l-SPR at 710 nm. The t-SPR band coincides with previous observations of the spectrum of spherical shape Au nanoparticles [6] and the l-SPR band with the Au nanoplates spectrum [5, 6] . Then the sample was immersed in the solution medium; DI water and boric acid. It can be seen that the SPR peak position of Au nanoplates tend to right-shifted with the change of medium. These spectral changes are related to the change of refractive index of the medium [7] . Moreover, the dominant peak in air medium at l-SPR while in solution medium is t-SPR. This situation indicates the presence of more Au nanoplates compared to Au nanospherical on the substrate surface in air medium as shown on by the previous results using FESEM. However, in the solution medium, the surface tension of water has caused the Au nanoplates easily peel off from the substrate surface. It might be due to the large surface area and bulky size of grown Au nanoplates. Then, the Au nanoplates sample was used as sensing material for various concentration of boric acid from 0.01 mM to 100 mM. From the results, two changes in the spectra were recorded which are; SPR peak position and intensity. The change in peak position intensity was studied and the result is shown in Fig. 4 . We observed that the changes of intensity at t-SPR were larger than l-SPR for each boric acid concentration. As well, it appears that the sensing responses of t-SPR are linear with increasing of the boric acid concentrations, where the linear correlation coefficients (r) is greater than 0.90. On the other hand, it was found that the concentration of boric acid above 100 mM may damage or peel off the Au nanoplates on the substrate surface so no response was observed. 
Conclusion
The gold (Au) nanoplates were successfully grown on the surface by seed mediated method and used as sensing material in the sensor system. The study shows that the LSPR of Au nanoplates is sensitive toward the presence of boric acid. The sensing parameter based on change of the resonance peak intensity showed a linear relationship with the boric acid concentrations.
